Chap 3 :4-8

Monte Carlo Simulation
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E[h(X)] = [ R(x) fy () dx

. fl%ﬁ?%mr BN SR EE T A 0 HIH e RS
A%Z AR DL ke AR D PR e 2 7(%&5%%5%7&
ZIK‘L’j(sampIemean)El’]L[Q M o

o cho R 25 R T B R 2 ) A

(error analysis) °




s AN B EHI] (Strong Law of Large Numbers)
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Let (X;,i = 1) be a sequence of independent random
variables following the same distribution as a random
variable X. We assume that the E{|X|} < +o0. Then,

E{X} = 1\llim Sy almost surely,

where the sample mean Sy = %(Xl + X, + -+ Xy) and
N is the sample size.
That is

P(&@OSN=E{X})=1



{£21=L (estimator)

1. SN BRIV EETEC (unbiased estimator) ©
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AMEIVERE E{Sy} = E{X} &ZEk1L -

2. Sy ISR Var(Sy) = ¥/
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Sy = NZL’:l h(X;) =~ E{h(X)} -




1 HLRRFR SE 3 (Central Limit Theorem)

Let (X;,i = 1) be a sequence of independent random
variables following the same distribution of the random
variable X. Assuming the first two moments of X exist,

we obtain

VN L

— (Sy — E{X}) —» N (0,1) in distribution,

X

where oy denotes the standard deviation of X.
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(Numerical Stochastic Differential Equations)

o WTEHFERTT TR X ZAVEESE )T 0 —EEulerdiF 70 (Euler
scheme) > SE—EMilsteinBEgy 7=t ( Milstein scheme ) o
. BT ST X BT
dXt — a(t, Xt)dt + b(t, Xt)th
o EulerBiEi = - &M o REATAE X, > R IREETRAT X, SET
Xti+1 — ),(\ti + a(tl, th)Atl + b(tl, )’(\ti)AWti
O(At) O(Jﬂ)
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cRUY &Y (strong convergence)
TIHTER A
* Euler BT =
E( sup ‘X(ti) — X(ti)|) < CVAt
0<t;<T

o MilsteinZEy /70

E( sup ‘X(ti) — X(ti)‘) < CAt
0<t;<T



ST @y (weak convergence)
HY 38 AT R 7=
[E(H(X1)|X, = x} — E{H(X7)|X, = x}| < CAt
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h(X) + h(X) Var(h(X)) + Cov (h(X), h()?))
Var( 5 ) = >

< Var(h(X))
= h(X) F1 h(X) Z&tERE
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Var(V) = E[Var(V|X)] + Var(E[V|X])
R HA S HY S BB IR R TR AR HY 528 S 5
Var(E[V|X]) < Var(V)

S -REEFEHR£2E” (Monte Carlo on Monte Carlo)- R~ RAH
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E[E(V|X)] = l l V(f)(x(i))
N J 1M =1
i= j=
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